j Abstract Background In selected stroke centers intra-arterial thrombolysis (IAT) is used for the treatment of acute stroke patients presenting within 6 hours of symptom onset. However, data about eligibility of acute stroke patients for IAT in clinical practice are very scarce. Methods We collected prospectively data on indications advising for or against IAT of 230 consecutive stroke patients in a tertiary stroke center. Results 76 patients (33.0%) presented within 3 hours, 69 (30%) between 3 and 6 hours of symptom onset and 85 (37%) later than 6 hours. Arteriography was performed in 71 patients (31%) and IAT in 46 (20%). In 11 patients no or only peripheral branch occlusions were seen on arteriography and therefore IAT was not performed. In 9 patients the ICA was occluded and barred IAT and in five anatomical or technical difficulties made IAT impossible. 72 patients presenting within 6 hours did not undergo arteriography and thrombolysis, mostly because of mild (n = 44) or rapidly improving neurological deficits (n = 13). Other reasons to withhold IAT were CT and/or clinical findings suggesting lacunar stroke due to small vessel occlusion (n = 7), limiting comorbidty (n = 7) and baseline international normalized ratio > 1.7 (n = 1). Conclusions A third of the patients underwent diagnostic arteriography and one fifth received IAT. The most important reasons to withhold thrombolysis were presentation beyond the 6 hours time window and mild or rapidly improving symptoms.
j Key words stroke AE acute AE stroke management AE thrombolytic therapy IVT, the extended time window for IAT should result in more patients amenable to thrombolysis. However, whether the extended time window for IAT, considering the technical and logistical complexity of IAT, will result in more thrombolysed patients is unknown. The purpose of this study was to analyze the number of patients undergoing IAT and the reasons to withhold it in a single tertiary care center.
Methods j Stroke center and catchment area
The Inselspital is a tertiary care center. IAT, started in 1992, is now used as the preferred stroke treatment and offered 24 hours a day. Some results and the referral practice in our hospital have been published previously [1, 3, 4, 16, 19, 25] . Patients are referred mainly from the city area of approximately 300000 inhabitants and some selected patients from a larger region of up to 1500000 people. At the time of the study, thrombolysis for stroke was not performed in any of the community hospitals. The neurological status was assessed after admission by a neurologist using the NIHSS score [6] . Time of stroke onset was considered as the moment when the patient or a witness noted a neurological abnormality. If the symptoms were noted on awakening, stroke onset was defined as the moment the patient was last seen well. Patients were categorized into five groups depending on the time from symptom onset to admission: < 3 hours, 3-6 hours, 6-12 hours, 12-24 hours and > 24 hours. Patients of the two first groups underwent angiography when considered eligible for IAT [4] . All reasons for exclusion from IAT were analyzed. For patients who presented after 6 hours, the reasons for delayed admission were recorded. Outcome was assessed 3 months after the ictus by clinical examination using the modified Rankin scale (mRS) in patients who underwent arteriography or thrombolysis [23] .
j Statistical analysis
Statistical analysis was performed using SPSS 10 statistical software (SPSS Inc). Subgroup analyses were performed for patients admitted directly to the Inselspital and for those referred by surrounding community hospitals. The v 2 and the Mann-Whitney tests were used to assess different ways of referral.
Results
During the study period 230 patients aged 16 to 80 years with acute ischemic stroke were admitted ( Table 1 ). The mean age was 62.2 ± 13.8 years. 39.6% were women. 76 patients (33%) presented within 3 hours, 69 (30%) from 3 to 6 hours, 37 (16%) from 6 to 12 hours, 25 (11%) from 12 to 24 hours and 23 (10%) after 24 hours. 151 patients (66%) were admitted directly and 79 (34%) via community hospitals. 71 patients (31%) underwent diagnostic arteriography and 46 (20% of all patients; 65% of those with arteriograms) received IAT. Patients referred from community hospitals were more likely to qualify for arteriography (50% of 79) and IAT (32% of 79) than patients who had been admitted directly (21% and 14% of 151; p < 0.0001). The median NIHSS score of all patients was 4 (range 1 to 31), of those treated with IAT 14 (range 3 to 24) and of those not receiving thrombolysis 3 (range 1 to 31). 115 patients had a NIHSS score ‡ 4 at admission.
Two patients (1%) were treated within 3 hours of symptom onset with intravenous recombinant tissue plasmogen activator (rt-PA), one because of a dissected and occluded internal carotid artery that prevented intraarterial access to the occluded middle cerebral artery, and the other because both neuroradiologists were busy with other interventions.
No thrombolysis followed the diagnostic arteriography in 24 patients (10.5% of 230), in 11 of them no or only peripheral branch occlusions (M3 or M4) were seen on arteriography. In one patient an atheromatous pseudoocclusion of the ICA was responsible for the patient's symptoms. He was successfully treated with PTA and stenting. In 9 patients the ICA was occluded and rendered local IAT of the intracranially occluded vessels technically impossible. One mentioned above received IVT after the arteriography within three hours of symptom onset. An additional patient with a hypoplastic vertebral artery on one side and an occluded vertebral artery on the other side could not be treated with IAT either. In two patients the time window for IAT elapsed while trying to reach the occluded intracranial vessel and in one patient arterial hypertension was not controllable.
Up to 3 hours 35 of 76 patients underwent arteriography and 19 received IAT. In the 3 to 6 hours window the numbers are 35 arteriograms in 69 patients and 26 IATs. A patient with a basilar artery occlusion was treated at 6.5 hours. One patient each treated with IAT in the groups 0-3 hours and 3-6 hours had a symptomatic cerebral hemorrhage (5%).
The reasons for excluding patients presenting within 6 hours from diagnostic arteriography and thrombolysis are given in Table 2 . Most frequently mild symptoms were the reasons. 44 patients (19% of 230) had a NIHSS score £ 4. 13 patients (6%) were excluded despite NIHSS score ‡ 4 because of rapid improvement.
Reasons for delayed presentation after 6 hours are summarized in Table 3 . The most frequent reasons were stroke onset during sleep (n = 24), uncertain time of onset (n = 28), and waiting and expecting symptoms to improve (n = 23).
Clinical outcome of patients who underwent thrombolysis and of those patients who were not treated with thrombolysis after arteriography are presented in Table 4 .
Discussion
Our data demonstrate that the indications for arteriography with the intention to use IAT for stroke treatment are given in approximately one of three patients. Of three patients who undergo arteriography two would probably receive IAT ultimately, i.e., approximately one of five stroke patients or 20% of all admitted. * Limiting comorbidity: Metastatic cancer n = 2, severe chronic heart failure n = 2, severe chronic obstructive lung disease n = 1, history of stroke with severe disability (n = 2) In the first 3 hours 35 of 76 patients qualified for arteriography. If we had been practicing IVT, they all would have undergone IVT. However, after arteriography 19 patients only received IAT. Six patients had an occluded ICA that made intracranial IAT technically impossible. One of them received subsequently IVT; five did not receive active treatment. They might have possibly derived a benefit from IVT. Therefore, we have changed our policy since. When CT or MR angiography shows carotid occlusion in MCA stroke, we perform IVT or attempt mechanical recanalization [17] .
Eight patients presenting within 3 hours did not show any vessel occlusion on arteriography that could have been recanalized. Five of them had a favorable outcome (mRS £ 2), similar to 75% of our experience in a larger series [2] . How much their benefit from IVT and how big their risk of hemorrhage would have been remains speculative, because trials with direct comparisons of IVT, IAT and combined IVT/IAT have not been published to date. It is likely that advances in MR and CT imaging will help to select ideal patients for intravenous or intraarterial treatment [11] .
Patients in the 3 to 6 hours time span would not have been treated with IVT. Therefore they represent the cohort that has drawn a benefit from the prolongation of the treatment window because of the intraarterial approach. Overall, the patients who received IAT in the 3 to 6 hours time span represent 11% of all admissions and 54% had a favorable outcome.
Patients with a low NIHSS score are likely to recover without any intervention. In randomized trials patients with a NIHSS score of 4 or more were included, a score indicating that some degree of disability is likely to remain. The NIHSS score at admission was £ 4 in 115 patients. Of the other 115 patients with a NIHSS score ‡ 4 42% were treated.
The biggest obstacle to administering i.v. rt-PA to stroke patients is the narrow 3 hours treatment window. Despite substantial efforts many patients still arrive between 3 to 6 hours and thus too late for IVT [9] . For these patients IAT or IVT based on clinical findings and imaging represent worthwhile treatment that can be implemented in larger institutions. However, more than a third of all patients presented beyond 6 hours, when IAT is generally no longer an option. In a study by Barber et al. 29% of those presenting after 3 hour had recognized their symptoms but had chosen not to seek medical attention immediately [5] . In our cohort 27% of those presenting after 6 hours indicated the same reason for late presentation. Other reasons for delayed presentation or withholding thrombolysis were stroke during sleep or uncertain time of symptom onset. Future trials will show if such patients could benefit from thrombolysis or mechanical recanalization if they are selected by combined clinical and imaging criteria and not solely on the basis of time to treatment.
In conclusion, our data demonstrate that tertiary care centers with continuously available IAT can offer thrombolysis to a substantial proportion of patients. However, many patients still present too late. Therefore, further widespread efforts are needed to increase public awareness of stroke and to optimize organization of emergency services and stroke centers.
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